Thin films of Zn 100−x Cd x O with x = 0, 2, 4, 6 and 8 at% were deposited by electron beam evaporation technique on glass substrates. The structural, optical and electrical properties of Zn 100−x Cd x O films with x = 4 at% have been investigated as a function of annealing temperature. Only zinc and cadmium appeared in the as-deposited films, by annealing their oxides found to exist. It was observed that the optical properties, such as transmittance, reflectance, optical band gap, and refractive index of Zn 100−x Cd x , were strongly affected by annealing temperature. Other parameters named free carrier concentration, electrical resistivity of the films were studied as a function of annealing temperature for 4 at% CdO content. The figure indicates that the best value of annealing temperature is at 450˚C.
Introduction
Zinc and cadmium play an important role as alloying elements in many superconductor and semiconductor alloy properties [1] [2] as well as surface coating and plating process materials. These alloying elements are widely used for soldering processes, since many solders may contain Cd because of its low melting point, and also brazing processes, for higher temperatures, should use alloys containing large amounts of Zn. In particular, for lamellar eutectic alloys, Zn and Cd can exhibit some interesting properties. Furthermore, Zn-Cd eutectic Open Access Library Journal alloys have been widely used in many experimental studies [3] - [8] , because of their low melting point and their regular lamellar structure.
Transparent conducting oxides (TCOs) are a class of materials that transmit visible radiation and conduct electricity. They find application as transparent electrodes in numerous applications such as photovoltaic, flat panel displays, heat reflective coatings on energy-efficient windows, and electrochromics such as smart mirrors [8] [9] [10] [11] . Zinc Oxide (ZnO) holds considerable interest as an optical transparent materials due to its wide band gap (3.3 ev), its amenability to defects or impurity doping and other desirable properties such as low cost and non-toxicity [12] . While pure ZnO films present high values of resistivity [13] . CdO is an n-type semiconductor, with a well-established direct band gap at approximately (2.4 -2.7 ev) and a poor optical transmittance in the visible spectral region [3] . When compared with ZnO, the transmittance of CdO in the visible region of the spectrum has been reported as rather low. However, cadmium oxide is characterized by a much lower resistivity. Hence, it could directly combine the optical and electrical properties of an alloy of cadmium and zinc oxides, making it useful for its application in solar cells. This paper reports the preparation of Zn-doped Cd (where x = 0, 2, 4, 6 and 8 at%). The X-ray diffraction analysis, transmittance, optical band gap and electrical resistivity are measured to study the effect of the oxidation temperatures and the Ga-doping level.
Cd x Zn 1−x O films have been deposited by sol-gel spin-coating method onto glass substrates. It was observed that the crystal structure changed from wurtzite (ZnO) to cubic (CdO) structure [14] . Zn 0.8 Cd 0.2 O thin films were deposited on glass substrates at different substrate temperatures (Ts) by the direct current (dc) reactive magnetron sputtering method. Results indicated that all the obtained thin films were of highly (002)-preferred orientation and possessing the hexagonal wurtzite structure of pure ZnO [15] . The ternary Zn 1−x CdO (x: 0 -1) alloy thin films were deposited on quartz substrate by the direct current reactive magnetron sputtering method. As x varied from x = 0.0 to 0.5, the Zn 1−x Cd x O thin films had a hexagonal wurtzite structure of pure ZnO and (002) preferred orientation. The optical band gap energies of the films were tuned from 3.24 eV at x = 0 to 2.04 eV at x = 0.5 [16] . The optical studies showed that the Cd x Zn 1−x O thin films have optical transmittance in entire visible region. The resistivity of undoped films was very high and it decreased with addition of cadmium. The gas sensing properties were investigated at optimal temperature of 350˚C for various volatile organic compounds like acetone, ethanol and methanol. The Cd x Zn 1−x O thin films with 10 at% cadmium concentration showed the sensitivity of 50% for 1 ppm ethanol [17] . side giving rise to a highly conducting channel at the interface [18] .
This work focuses on preparing Zn 100−x Cd x O thin films using e-beam evaporation method for CdO content at 0, 2, 4, 6 and 8 at%. The characterization, optical and electrical measurements will be carried out. The figure of merit will be studied as a function of annealing temperature.
Experimental Details

Preparation of the Thin Films
For 
Characterization and Optical Measurements of the Thin Films
A Jasco model V-570 (UV-Visible-NIR) double beam Spectrophotometer (with photometric accuracy of ±0.002 -0.004 Abs. and ±3% Trans.) was employed to record the transmission T and reflection R spectra over the wavelength range from 200 to 2500 nm at normal incidence. The absorption coefficient α of the films was determined directly from the spectrophotometer readings using the formula [19] :
where d is the film thickness, T is the transmittance and R is the reflectance of the film.
The optical energy band gap E g was estimated from the optical measurements by analyzing the optical data with the expression for the optical absorbance, and the photon energy, hυ using the following equation:
where α represents the absorption coefficient, h is the Planck s constant, and A is a constant, the values of E g were obtained by extrapolating the linear portion of the plots of ( ) 2 h α υ versus hυ to α = 0. The refractive index n was calculated from the following equation: 
Measurements of the Electric Properties of the Thin Films
The resistivity measurements were carried out using a two-terminal configuration where the measurements were done at room temperature. Electrical contacts were made by applying silver paste over the surface of the films with a separation of 2 mm. It is obvious that the crystal quality of the sample increases remarkably, and CdO (200) diffraction peak is observed, suggesting the phase segregation of CdO from the matrix phase [20] . Generally, this angular peak positions are greater than the as-prepare associated values. This trend can be ascribed to the tensile stresses that usually build in the furnace [21] .
Results and Discussion
Characterization of the Thin Films
Also, the intensity ratio of ZnO and Cd peaks is decreased after annealing.
The X-ray diffraction patterns of annealed Zn 100-x Cd x (x = 0, 2, 4, and 8 at%) 
Optical Properties of the Thin Films
The typical UV-VIS-NIR optical transmittance and reflectance spectra of annealed films (Zn 100−x Cd x with x = 4 at%) at different annealing temperature as a function of wavelength in the range from 300 to 2500 nm are shown in Figure 4 and Figure 5 respectively. It is clear that the transmittance increases and the ref- annealed out producing a larger number of saturated bonds leading to decreases in the density of localized states and consequently the optical gap increased [22] .
The variations of refractive index and the extinction coefficient in the visible wavelength range of (Zn 100−x Cd x with x = 4 at%) films annealed at different temperature are depicted in Figure 7 . The refractive index of the films decreases with increasing the annealing temperature which can be attributed to the decrease in the packing density with annealing temperature. On the other hand, the extinction coefficient (k) decreases with increasing the annealing temperature, which can be attributed to the increase of the film transparency [23] .
The packing density P of the film can be estimated from the following equation [24] : 
Electrical of the Electrical Properties of the Thin Films
The dependence of electrical properties on the temperature of annealing is shown in Figure 8 . The resistivity decreases as the temperature is increased up Figure 7 . The variation of the mobility and resistivity of the Zn 100−x Cd x (x = 4%) at different annealing temperature. temperature. This may be due to the increase of the grain size with increase in annealing temperature, and this leads to reduction of the grain boundary scattering due to charge carriers. The decrease of the electrical resistivity of annealed films is due the increase of the mobility carriers.
In order to predict the selective properties of transparent conductive coatings from the fundamental optical and electrical properties, the factor of merit can be employed m T ϕ ρ = [26] where T m is the average transmittance in the visible region and ρ is the electrical resistivity. Figure 9 shows the variation of the factor of merit as a function of annealing temperature. The figure indicates that the best value of annealing temperature is at 450˚C.
Conclusion
Thin films of Zn 100-x Cd x O with x = 0, 2, 4, 6 and 8 at% have been deposited by electron beam evaporation technique. The effect of heat treatment on the electrical, optical and structural properties of these films was carried out. For content of cadmium oxide at 4%, optical measurements indicated that, the optical energy gap, the mobility of the carriers, and the figure of merit increase with increasing the annealing temperature. On the other hand, our results indicate that, the refractive index, extinction coefficient, and the resistivity decrease with increasing the annealing temperature. The best value of the figure of merit found to be at annealing temperature 450˚C.
